Abstract
Introduction
Metal foams ("metfoams") are a new, yet imperfectly characterized, class of materials with low densities and novel physical, mechanical, thermal, electrical and acoustic properties. They offer potential for lightweight structures, for energy absorption, and for thermal management; and some of them, at least, are cheap.
The possible applications of metal foams are presented in Tab. 1. Various techniques and methods are used for the purposes of foam materials numerical modelling. Numerical models may be constructed on the base of the real structure image that is available as 2D photo or 3D scan. The 3D scans may be obtained by use of X-ray or neutron tomography technique. Models may have smooth surfaces, or may be based on a grid technique [1] [2] [3] . Idealistic models, which are suitable for investigations of particular geometrical or material parameters influence on global properties of foam, are also used. They may be built on the base of geometrical structures (i.e. Kelvin's polyhedron [4] [5] [6] .
In the paper, the main mechanisms that appear in the foam structure during the compression were described and assessed. The development and analysis of the FE model of the aluminium foam microstructure based on computed tomography was presented. 
Numerical model and analysis
SkyScan 1174 (Fig. 1 ) compact micro-CT is equipment designed for materials microstructural testing. It was used in the presented work for aluminum foam research.
SkyScan 1174 was utilized to carry out the tomography for two samples made of closed cell aluminum. The samples dimensions were 10x10x10 mm. The scanning parameters were as follows: pixel size of 80.19 m, rotation step of 1 degree.
Fig. 1. SkyScan 1174 compact micro-CT
The results of the computed tomography are presented in Fig. 2 . The strain -stress characteristics for that foam are shown in Fig. 3 . The comparison of energy absorption experimental results for the compression of 40% (Fig. 4) proved that the structure geometry influences the foam properties. Fig. 3 . Strain -stress characteristics for experimental tests [8] For the purpose of numerical model development, the pictures of cross sections were replaced with the monochromatic bitmaps (using the CT Analyzer software). It was assumed that one pixel at the bitmap is the middle layer of one hexagonal finite element in the numerical model. The special application that transforms the numbers of pixels into the numbers of finite elements was created. This process resulted in the raster numerical model of open cell foam (Fig. 4) .
Fig. 2. Computed tomography of aluminum foam samples
The numerical compression test was carried out with the use of LS Dyna computer code. The compression was made with the use of rigid walls (stationary and moving one). The load speed was 50 mm/min as in the experiment. The dynamic friction coefficient in the model was 0.1.
The models were built from 8-nodal brick finite elements [9] . The number of elements in each model was about 1 600 000.Density of models was 21%.
The elastic-plastic material model with hardening was used for the foam base material (aluminum alloy) -Tab. 2. 
Results and discussion
The comparison of numerical and experimental tests is presented as stress -strain curves (Fig.  5) . The presented results showed a very high correspondence. The differences result from the different porosity values and material model and properties approximations.
Due to the high correspondence between numerical and experimental tests, the main mechanisms appearing in the foam microstructure were assessed on the base of the von Mises stress distributions and deformations (Fig. 6-9) . On the base of von Mises stress distribution development the main mechanisms in closed cell aluminium foam structure were described. It is strictly visible that the largest and most important for foam damage regions are the plasticity regions placed on the thin parts of pores walls (marked in red in Fig. 8 and 10 ). The thicker parts of foam structures (connection between pores) have stress values almost 0 (marked in blue in Fig. 8 and 10 ). Finally, it can be concluded that the damage of the aluminium foam is caused by the instability phenomena that appear in the thin walls of pores and are caused by the plasticity of that regions. 
Conclusions
In the paper, the research methodology of the aluminium foam microstructure was presented. The development process of the numerical model of the real foam structure was shown. The numerical analysis of the created model was carried out with the use of LS-Dyna computer code and compared with the experimental result. A high correspondence between both tests was achieved, which confirms the correctness of the presented research methodology. The presented method allows describing the main mechanisms that appear in the foam structure and influence the foam energy absorbing properties.
